[001] AUTOMATED MULTIPLE-GEAR TRANSMISSION 

[002] 



[003] 

[004] The present invention concerns an automated multiple-gear transmission 

with an input shaft, a gearwheel assembly for shifting gears through several output 
paths, and an output shaft. 

[005] 

[006] Automatic transmissions, which have already been known for a long time, 

are mainly based on the principle of conventional, manual transmissions of 
countershaft structure, in which a gear shift is carried out with the aid of 
synchromesh devices. Such transmissions have relatively small shift control 
elements, but the performance determining elements, such as spur gear stages, 
take up a large structural space and are also cost intensive. 

[007] In relation to their structure an essentially more compact form are the long 

known change-under-load automatic transmissions with planetary gearwheel 
assemblies, which can comprise internal branching of the power. Although such 
transmissions take up relatively little structural space because of their compact 
structure, their disadvantage is that the shift control elements, such as clutches 
and brakes, have to be relatively large and hydraulically actuated. This leads to 
considerable drag losses and correspondingly high actuation energy with a 
negative effect on the efficiency of the transmission. 

[008] Further, transmission types have long been known which seek to combine 

the advantages of countershaft transmissions together in relation to their small 
shift control elements and the advantages of change-under-load automatic 
transmission with planetary gear assemblies in relation to compact gearing, in that 
a planetary auxiliary assembly is provided in a countershaft transmission , such that 
a range-change transmission with purely geometrical progression is formed. A 
problem with this, among others, is that the gear progression in low gears is very 
small, while in higher gears it is very large, which makes the driving of passenger 
vehicles more difficult. 
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[009] Another transmission structure is the so-termed power-branching or 

multiple-range transmission, which can give numerous driving ranges with few shift 
control elements. 

[01 0] A combination of the features of the transmission types described above is 

realized in a transmission described in US 5,013,289, which has a countershaft 
transmission zone and two planetary gearwheel assemblies. Between a 
transmission input shaft and an output not coaxially aligned therewith, three output 
paths are provided in which the transmission ratio can be changed in change- 
under-load mode. By providing three output paths that can be connected to the 
planetary gearwheel assemblies, six forward gears can be produced with relatively 
few shift control elements. 

[Oil] This, however, still has the disadvantage that the change-under-load 

requires the use of multiple-disc couplings, with correspondingly large effort and 
expenditure on the construction of the hydraulic controls and regulation system. 
A further disadvantage is that to supply the elaborate , hydraulic system a 
high-pressure hydraulic pump must be provided which, with the drag losses that 
occur, leads to a reduction of the system efficiency. 

[012] To avoid these disadvantages, DE 101 45 519.4 by the present applicant 

has already proposed an automated multiple-gear vehicle transmission in which 
several output paths are provided between an input shaft and an output shaft for 
engaging the gears, these being summed in a planetary gearwheel summation 
transmission, such that in at least one of the output paths the transmission ratio 
can be varied in steps, and in which at least one transmission ratio can be 
engaged in a form-locked way. This multiple-gear vehicle transmission offers the 
advantage that its structure is simpler than those of planetary change-under-load 
automatic transmissions, because an elaborate hydraulic system for the shift 
control elements can be dispensed with at least in part. This transmission in its 
various versions is designed as a six-gear transmission with one reverse gear. 

[013] The purpose of the present invention is to provide an automated 

multiple-gear transmission with which at least eight forward gears and two reverse 
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gears can be engaged, and which is of shorter structure, lighter, and can be 
manufactured more cheaply than the conventional range-change transmissions. 
[014] Beginning with an automated multiple-gear transmission of the type 

described initially, this objective is achieved by the features specified in the 
characterizing portion of Claim 1 ; advantageous particulars are described in the 
subordinate claims. 

[015] 

[016] According to the invention, it Is provided that the gearwheel assembly 

consists of several intermediate spur gear stages and a subsequent planetary 
assembly. In particular, the gearwheel assembly consists of four independent spur 
gear transmission ratios and a three-shaft planetary assembly, two of the three 
shafts being connected to the spur gear transmission ratios via shift control 
elements or even directly, while the third shaft of the planetary assembly serves 
as a transmission output. 

[017] The automated multiple-gear transmission, according to the invention, is an 

eight-gear transmission with two reverse gears and, at least when mounted in the 
vehicle in the standard way, shows better efficiency because in several of the 
gears the power is transferred directly. The load on individual gear systems is 
lower, because in the power-branched gears less power is transmitted via the spur 
gearing. 

[018] Since conventional 2x4 range-change transmissions of pure spur gear 

construction, which are made as eight-gear transmissions, have at least six spur 
gear planes and since 4x2 range-change transmissions with planetary range 
changes need at least five spur gear planes and a planetary assembly, the saving 
of one gearwheel plane makes it possible for the automatic multiple-gear 
transmission, according to the invention, to be of shorter structure, lighter, and 
more cheaply manufactured. 

[019] Finally, it should also be mentioned that the transmission, according to 

the invention, enables a progressive stepping of the transmission ratios and so 
a better adaptation of the traction force delivered, to the traction force 
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needed, compared with geometrically staged transmissions, i.e.. range-change 
transmissions which are already geometrically stepped because of their structure, 
in which all the ratio transitions are of the same size. 

[020] 

[021] Below, the invention is explained in more detail with reference to the 

drawing which illustrates preferred example embodiments and which shows: 

[022] Fig, 1 is a principle of the structure of an automated multiple-gear 

transmission according to the invention; 

[023] Fig. 2 is a first example embodiment of the standard arrangement in a 

vehicle; 

[024] Fig. 3 Is the gear-shift scheme associated with Fig. 2; and 

[025] Fig. 4 is a second example embodiment for the front, transverse 

arrangement in a vehicle. 

[026] 

[027] As is apparent from the Figures, the automated multiple-gear transmission, 

according to the invention, with which eight forward gears and two reverse gears 
can be engaged and which is suitable both for passenger cars and for light, 
medium and heavy goods vehicles, consists essentially of a gearwheel assembly 
comprising several Intermediate spur gear stages and an auxiliary planetary 
assembly. The geanvheel assembly itself consists of four independent 
transmission ratios 11, 12, 13 and 14, which are formed as spur gear transmission 
ratios or as direct shaft connections, and of a three-shaft planetary assembly PS 
in which two of the three shafts can be connected via shift control elements or 
directly to the transmission ratios i1 to i4, while one of the three shafts serves as 
the transmission output. An essential feature of this is that at any time three shift 
control elements must be engaged. 

[028] As can be seen from Figs. 2 and 4, two of the spur gear transmission 

ratios i1 and 14 are connected to a shaft of the planetary assembly PS via shift 
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control elements S1 , SR, such that the transmission ratio i4 reverses the rotation 
direction so that a reverse gear is engaged thereby. 

[029] One of the spur gear transmission ratios i2 is connected via a shift control 

element S2 with another shaft of the planetary assembly PS, and in the standard 
fitting mode into a motor vehicle, i.e., in the longitudinal direction, this transmission 
can even be one-to-one, giving direct throughput, since the transmission ratio i2 
is a constant transmission ratio of the associated countershaft. A further spur gear 
transmission ratio i3 can be connected on the primary side both with the drive, 
via a shift control element S3 and with the housing SB. On the secondary side, 
this spur gear transmission ratio iS is connected both to the first shaft of the 
planetary assembly via the shift control element S5 and to the second shaft of the 
planetary assembly via the shift control element S4. 

[030] The planetary assembly PS can be made as a planetary assembly of any 

type. In the preferred example embodiment illustrated, a plus planetary assembly 
is used, i.e., a planetary transmission with a positive static gear transmission ratio 
with a dual planetary gear, in which the output takes place at the annular 
gearwheel, while i1 and i4 act on the solar gearwheel or the web and in contrast 
thereto i2 acts on the web or the solar gearwheel. It is also possible to use a 
minus planetary assembly, in which the output takes place at the web and i1 and 14 
act on the solar geanA^heel or on the annular gearwheel and in contrast i2 acts on 
the annular gearwheel or on the solar gearwheel. Other possible designs for the 
planetary assembly are a bevel gear planetary assembly or a cone gear planetary 
assembly. 

[031] The shift control elements S1 to S5 can be made as form-locking 

shift control elements, for example as synchro-meshes or claw couplings. 
In this, some can even be assembled in packets, for example, shift control 
elements S1 - SR, S2 - SB. The shift control elements can also be made as 
frictional change-under-load elements, enabling the transmission to change under 
load. In each case the shift control elements can be arranged before or after the 
associated spur gear transmission ratio. 
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[032] Further, it is also possible to equip the transmission either with a single 

countershaft or with two countershafts of the same type. 

[033] As can be seen, from the functional scheme shown in Fig. 3, the second, 

sixth, eighth forward gears and the second reverse gears can be formed directly 
by the respective transmission ratios i1 to i4. By locking one shaft of the planetary 
assembly by means of the shift control element SB, additional transmission ratios 
can be realized by means of the spur gear transmission ratios i2, 13 and i4 and, 
in this case, the planetary assembly acts as an auxiliary group so as to engage the 
first and third forward gears and the first reverse gear. 

[034] At the same time, the power can flow, via the spur gear transmission ratios, 

and ca be transferred into the planetary assembly, via the first and second shafts 
of the planetary assembly, where it is summed again and additional transmission 
ratios are produced. By virtue of this power branching, the fourth, fifth and seventh 
forward gears can be engaged. 

[035] Other transmission ratios are also conceivable if, instead of i 1 , the spur gear 

transmission ratio i4 is combined with other spur gear transmission ratios. 

[036] In contrast to the conventional 2x4 range-change transmissions of purely 

spur gear construction, which comprise at least six spur gear planes, and the 
conventional 4x2 range-change transmissions with a planetary range group, 
which comprise at least five spur gear planes and a planetary assembly, 
the automated multiple-gear transmission, according to the invention, is a shorter 
and lighter structure and is, therefore, less costly to manufacture. The power 
branching enables higher efficiency in the standard fitting position compared with 
the above conventional eight-gear transmissions since, in several gears, the power 
is directly transferred. 
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